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LATERAL-CONTROL INITSTIGATION ON A 37O EWEPIBACK WING OF 

ASPECT MTIO 6 AT A F W N O ~  OF 6,800,000 

3y Robert R. Graham and W i l l i a m  Koven 

The low-speed lateral-control  characterietics of a 37' sweptback 
semispan Wfng of aspect ratio 6 and NACA &-ser ies   a i r foi l   sect ions have 
been determined in the Langley 19-foot pressure  tunnel. The investiga- 
tion  included the measurement of the hinge-moment characterist ics of an 
aileron and the rolling-effectiveness  characteristics of the aileron and 
two configuratiane of spoilers. The effects of several  stall"contro1 and 
high-lift  devices an the  characteristics of the aileron and spoiler were 
also Investigated. The tests were made a t  a Reynolds nunber of 6,800,000. 

The 'rate of c'hange of rolling-mcansnt coefficient w i t h  aileron 
deflection Cz8 for a haX-apan, 20-percent-chord aileron on the plain 
w i n g  decreased  almoet linearly from 0.00146 a t  Oo angle of attack 
t o  0.00100 a t  Bo angle of attack. Beyond Bo the value of Cz8 decreased 
rapidly as the wing stal led.  The value of Cz8 at Oo angle of attack 
was accurately  predicted by s-ple theory- 

All the  stall-control  devices  tested were satisfactory in maintaining 
aileron  effectiveness  through  the high 8ngl.e-of-attack range t o  beyond 
maximm wet. 

The r a t e  of change of hinge-mament coefficient with def lec t im chs 
for   the unbalanced aileron was reduced Fn sme cases and Increased in 
others by the addition of tple VariouEt s ~ - c o n t r o l  and high-lift deViCeSj 
however, the effects  of the  devices on the s i z e  of internal  balance 
required t o  reduce C- t o  zero were found t o  be smal l  because of the 
CorresponaSng effects  on the balance-campar-tment pressures. 

The -s.tall-control  devlces  brought about some improvement in spotler 
effectiveness  throughout the lift range and caused  the  spoilers t o  main- 
tain  their   effectiveness to the  hlghest  angle of attack  tested. 

Shifting the spoiler  location frcan the 65- t o  75-percent-chord lFne 
of the unswept panel  caused a slight improvement in spoiler  effectiveness. 

Changing the  spoiler from a  continuous one along the 65-percent- 
chord line of the unswept panel to " a series of seppents w i t h  their midpoints 
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" 
on the same l ine  but  turned  perpendicular t o  the air stream had practically 
no effect  on t h e  roll-  effectiveness,  but moving the segments inboard 
caused  an increase in effectiveness. c 

V w y f n g  the span of t he  spoiler showed that the inboard  portions of 
the spoiler were considerably more effective than the outboard portions 
in producing rolling moments. 

A t  high l i f t  coefficients on the WFng with slat and double Blotted 
flap,. the half-span plain outboard spoiler w i t h  a 10-percent-chord  pro- 
jection produced about the 6- rol l ing m m e n t  as a total aileron  deflec- 
t ion  of 30°, but a t  low lift coefficients on the plain wing the spoiler 
produced only  about one- th i rd  the rolling moment of the ailercms. 

The yawing maments due t o  oppositely  deflected aileron6 were generally 
unfavorablb and became more unfavorable as the angle of attack was 
increased. Those due to   spoi ler   project ion were favorable  but became 
less favorable as the angle of attack waa increased  or as the spoiler w80 
moved inboard. The stall-contzol and high-lift  devices had a negligible 
e f fec t  on the yaKing moments. 

~ O M J C T I O N  

The me of sweptback wings on high-speed airplanes introduces several 
stability and control  problem in the low-speed range. Two of these pro& 
lems axe &able pitching moments and loss of l a t e r a l   o a t r o l  at the  
stall. Both of them problems result frcuu the characterist ic of swept- 
back wings ta stall first a t  the t ips .  

Several  devices have been  found t o  delay the t i p  stall until an 
inboard stall has developed so that sGable pitching mcanents were obtained 
a t  the s t a l l .  (See references 1 and 2.) Them devices were leading- edge 
flap, leading-edge slat, and drooped leading edge on the outer portion of 
the wing. 

In order  to determine the effects of these devices on t h e  l a te ra l -  
control  characterist ics of  a sweptback wing, an investigation was carried 
out on a 37O sweptback semispan of aspect  ratio 6. The investiga- 
tion  lncluded the determFnation of a) the control and hinge-moment 
characterist ics of a half-span 20-percent-chord a l e r o n ,  (b) t h e  control 
c ~ a c t e r i s t i c e  of two configurations of spoilers, and (c) the effects  
of high-l i f t  and stall'cantrol  devices on the characterist ics of the 
aileran and spoilere. 

? 

1 
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The data are referred to the wind 8x8s with the or ig in  Fn the plane 
of symmetq at t he  quarter chord of the mean aero-c chord. The data 
have been reduced to standard MACA nondlmemional coefficients  which are  
defFned as follows: 

CL 

CD 

'm pitching-mament  coefficient (2) 
rolling*-mapnent coef f fcient ( 3  

Cn yawing-moment coefficient (&) 
'ha aileron hlnge-mament coefficient 

PR resultant  pressure  coefficient in ailera  balake 

9 

aileron-seal leakage factor i;- Pressure difference  across seal 
Pressure  difference  across  vents 1 E 

L 

Reynolds nmiber (q) 'R 

angle of attack of' root chord line, degrees 

L lift 

D bag 

pitch- moment  about 0.23 M 



local wing chard pargllel t o  plane of symmetry 

local wfng chord  perpendicular to 0 .27~  Une 

wing span perpendicular t o  plane of s y m n e ~  

mcBpBnt of area of aileron rearward of hinge l i ne  about 
hinge aXi8 

aileron span measured along hinge llne 

spoiler span msaElured perpendicular t o  plane of syr~metry 

aileron chord rearward of hinge l lne  measured perpendicular 
to 0 . 2 7 ~  line 

aileran nom-balance chord forward of hinge l h e  measured 
perpendicular t o  0 . 2 7 ~  line 

a;snamic pressure 

coefficient of 

r a t e  of change 
deflection 

ra te  of change 

viscosity 

of rolling-mcrment coefficient with a i l e r m  

of lift coefficient with aileron  deflection 



chs rate of change of aileron  hinge-moment  coefficient ufth 
aileron  deflection 

PRS rate of change  of  resultant-pressure  coefficient with 
aileron deflectim 

% rate  of  change of aileran hinge-mment coefficient with 
angle of attack 

'R, rate  of  change of resultant-pressure  coefficient with 
angle of attack 

All coefficients and dimensicm sylribols refer to the model as a 
cmplete wfng. The effects  of the spoiler  controls on lift, drag, and 
pitching-moment  coefficients are presented as the  effects of spoiler 
projection on one side of a cmplete wing. 

The model w e d  in t he  investigation was a semispan wing mournted in 
the presence of a reflection  plane as shown in fi e8 1 and 2. It was 
of steel  construction and had an aspect  ratio  of r a  taper  ratio of 0.5, 
and 37O sweepback  of the leading  edge.  The  afrfoil  section  perpendicular 
to tihe 2'j"percent-chord lFne (25-percmt-chord Une of wlng when In the 
unswept  condition) was an WCA 641-212 pof i l e  The model was fenished . 
with lacquer and w88 .maintained in 871 aerodynamically smooth condition 
throughout the tests. The general plan form and some of t he  more perti- 
nent  dimensions of the model me shown in figure 3. 

Details of the lateral-control  devices a r e  shown in figure 4. The 
aileron wa8 of t h e  constant'percentage-chord type (0.20~' or  0 -183~) 
and had  the s ~ m s  contour as the corresponding  portion  of  the a i r f o i l  
section. It was arranged to simulate a sealed internally  balanced  type 
of aileron with zero balance. The seal was simulated by a steel p l a t e  
beveled to a knife edge w i t h  t h e  edge a8 close as possible to the nose of 
the  aileron at the hhge -e. Although thfs method did not completely 
seal  the afleron, the reeulting  gap was only a Ermall fraction of t he  
balance-cmprtnent vente at t h e  upper and lower surfaces  of  the wing. 
The  balance capm-tmsnt w a s  prodded w i t h  orifices for measuring pressures 
above and below the seal. The aileron was attached  to the wing by strain 
gages which indicated electrically the aileron hinge  moments. 

Two configurations of spoiler  lateral  controls were investigated. 
One extended  along a comtant-percentage-chord line and the other con- 
sisted  of a series of spoilers,  each 10 percent  of the w3ng semispan in 
length and placed  perpendicular to W e  plane of symmetry. The first is 
referred to herein as the plain spoiler  and the second  as the step  spoiler. 
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Both configuratiom  simulated  retractable  circular-arc  spoilers. Varioue 
projections of the plain spoiler were tested at  the 0 . 6 5 ~ ~  and 0.73 '  
positions,  but only one projection of the step spoiler was testedwlth t h e  
midpoint of each step a t  0 . 6 5 ~  ' . The projection of the p l a b  spoiler was 
a constant  percent chord along the span, but the step  spoiler  prodectfon 
varied in steps along the span. The height a t  the center of each s tep  
w a s  a constant  percent  chord  but the individual steps were a constant 
height along the span of each- s tep-  

The aileron and plain  spoiler extended from 0.50% t o  0 -97%. The b 

step  spoi ler  extended from 0 -27% t o  0-97%, but  the span and spanwise 
location  could be varied by varying t h e  n&er and location of the steps. 

b 

Details of the leading-edge s~aJJ"contro1 devices and of the trailing- 
edge high-lift  devices  are shown in figure 5 .  The stall-control- devices 
consisted of a leadingedge  flap,  leading-edge slat, and drooped leading 

edge and  extended from 0.49 t o  0.9%. The drooped 1ead.ing edge was 

tes ted only in coniblnation w i t h  an upper-surface fence became a previous 
investigation  (reference 1) showed that it WBB not a satisfactoqy S t a n -  
control  device  without  the fence. me biling"bd.ge high-lift devices 
were half-span split and double slotted-flaps 

2 

TESTS 

The tests were made in the Langley 19-foot  pressure tunnel with the 
air campressed t o  about 21 atmospheres. The Reynolds and Mach numbers 
for the tests were 6,800, 2 00 and 0.13, respectively. 

Rolling-effectiveness  teats  for the various  lateral-control  devices 
were mde by taklng six-component force and mamant measurements through 
a range of angle of attack from Oo t o  beyond the a t a l l  w i t h  the  aileron 
set a t  various angles or with the spoilers s e t  at  varrioizs heights, spans, 
and spanwise locations. Einge  m n t s  and balance-cmpaY-&nent pressures 
were a l s o  measured in ths aileron tests. The tests were made on the 
basic wing, on the w b g  w i t h  the various stall-control  devlces, and on 
the w F n g  with the s l a t  in ccanbinatfon w i t h  s p l i t   o r  double slot ted  f laps .  

CORRFCTIONS TO IXTA 

Jet-boundar;g c o r r e c t i m ,  obtained by coaibining the methods of 
references 3 and 4 were made t o  the  angle of attack and t o  the drag, 
pitching-moment, yawing-mcanent, and rolling-moment coefficients The 
corrections were applied a6 follows: 

J 
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a = ageom3tric + 1.12 CL 

+ 0.0164 L q  

c, = sass + 0.0101 CL 

cD = G D p O S S  

cn = %gross - %lm - 
where the   adsc r ip t  "gross" refers  to the uncorrected coe ff ic ients ,  the 
subscript "tare" re fers   to  the uncorrected  coefficients  obtained with 
aileron o r  spoiler neutral, and K2 and are We rolling-moment  and 
yawing-moment jet-boundary-correction  canstanta Values f o r  K2 are  
presented in figure 6 for  various spans and spanwise locations of the 
la teral   control .  The values of & would show s imi l .~  VWiati-j but 
since yawing;momsnt data &e not  presented  for all configurations  tested, 
only those values applicable to the data pkesan-t;ed are given: namely, 
0,0481 f o r  a --span l a t e r a l  control with the outboard end 
at  0 .g"$ and 0.0578 f o r  a half-span la teral   control  with the outboard 
end at 0.779. N o  jet-boundary  corrections have been applied to the 2 
aileron hinge-manent data. 

A calibration of the aileron sea l  indicated a leakage factor E 
of 0.14. The balance-compar-tment pressures have been corrected  for t h i s  
leakage so that they represent pressures with a complete seal. The 
eff ecta of the lealrage on the rolling-mcanent and hinge-mament coefficients, 
however, are believed t o  be mall and have been neglected- 

The tare  and interference  effects of the model supports were not 
determined but are believed t o  have only a -1 effect  on the character- 
i s t i c s  of the Wlhg. 

The resul ts  of the aileron  investigation are presented in figure 7 f o r  
the  basic wing and Fn figures 8 t'o 12 f o r  the wing with the varfous stall- 
control and high-lift  devlces. Summary figures showing the effects of 
the various  devices on the aileron hinge-molllsnt and rolllnn-effectiveness 
parameters are shown in figures 13 t o  16. The results of the epoiler 
investigatlan are presented in figures 17 t o  20 f o r  the basic w i n g  and 
fiEures 21 to 27 l o r  t he  wing with t he  various  stall-control and high-l i f t  
devices. A canparison of t he   a i l e rm and spailers is presented in  
f igwe 28 



8 

Ailercm Characteristics 
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Aileron  characteristics on basic wlnq.- The d a t a  f o r  the aileron 
t e s t s  on the plain wing are presented in figure 7.  The cantzol-effective- 
ness parameter Cz8 was obtained from cross  plots of the data of figure 7 
and is presented aa a function of angle of attack in figure 1 3 -  

The loss Fn aileron effectiveness that is usually found on sweptback 
wings  at  high #es of attack is clearly shown in figure 13- The 
reduction in  Cz8 a t  angles of attack below the stall is probably  cawed 
by the thickened  bomdary  layer due t o  the cross  flow along the   t ra i l ing 
edge near the wing t i p s  and the large reduction a t  the stall i s . a t t r i bu ted  
t o   t i p   s t a l l i n g .  

The value of Czg f o r  low angles of attack has been calculated by 
the method given in reference 5 The  cclmputed Cz8 when reduced 
by  cos2A t o  account f o r  sweep (reference 6) and corrected for section- 
l i f  t-curve  slope (0 -109 f o r  &-series capared ta 0 -099 used to  obtain 
required  factors in reference 5 )  was 0.00145.. The Czg obtained 
experimentally at a = Oo, 0.00146, (fig. 13) was in excellent agreement 
with the simple-theory  calculations. 

The effectiveness of the ai leran as a lift f l a p  C k  has been 
calculated from two-dimemianal data by a method f o r  unewept wings 
outlined in reference 7. The method was modified ts account f o r  sweep 
as was done in reference 1. m e  calculated due of C% o . on6  as 
canpared with the  experimental value of 0 .OlO7 (data  not  presented) The 
agreement is  not a8 good as w a ~  obtained for C but is considered 
satisfactorg . Values of C and Cr, calculated by the method of 
reference 8 and corrected  for  section-lift-curve elope were 0.00143 
and 0 -0108, reqectively,  and show very good agreement with the  experi- 
mental values 

28 
26 

The yawing-mcrment coefficients due to  aileron  deflection show about 
the same -&ends as would  be expected on an -wept wing. They show that 
oppositely  deflected  ailerons on a cnmplete wing would produce an adverse 
yawing moment which is in the law angle-of-attack  range  but which 
increases as  the angle of attack is increaeed. 

The effects of the trailing-edge cmse flow and t i p   s t a l l i n g  also 
appeared' in the hinge-mament and balance-pressure  coefficients . (See 
figures 7 and 15 .) As the angle of at tack was increased above I O o ,  the 
pmameter C b  increased  negatively  until a t  the stall it had a very 
large negative  value  resulting in  a s-trong upfloat ing tendency  of the 
aileron. The parameter Chg, on the  other hand, had a decreasing 
negative  value as a was increased. 
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EPfects of stall-can-lzol and h i @ - l i f t  devices on aileron character- 
is t ics . -  The characteristics of the aileron on the wing w i t h  various  stall-  
control  devices are shown in figures 8 t o  12. The effects  of the stall- 
control and high-lift  devices on the various aileron  control-effectiveness, 
hinge-moment, and balance-cmpartanent-pressure parameters are shown i n  
figures 13 to  16. 

?Jigwe 13 shows that the stall-control  devices  caused a decrease 
In Czg et low angles of attack. A t  high angles of attack and especially 

a t  angles beyond that at which the plain wing stalled,  C7ys w a s  increased 
by t h e  stall-control  devices. The 30° drooped leading edge w i t h  the 
upper-surface  fence  caused -the largest  increase in Czg at  t;he high 
angles of a t tack.   Spl i t   f lape in cmibinatim with the slat generally 
caused a reduction in Cz8 from that f o r  the wlng a lone throughout  the 
angle-of  -attack range.. Double slot ted  f laps  in cmbinatian  with the 
slat   effected an lncrease in Czs  at a l l  angles of attack. 

- The effects  of the various stall-control  devices on -the mUing- 
mcsnent coefficiant for a total aileron  deflection of 30' are  &own h 
figure 14 All the s.tall-cmtr01  devices  reduced C 2  a t  a = Oo, 
had a negligible  effect a t  moderate angles of attack,  increased C 2  at  
high angles of attack, and prevented the large lose in Cz that occurred 
at t;he stall of the basic wing. The leadlng-edge f lap  caused the M g e e t  
reduction in C a t  a = Oo and all the  devices produced  about' the 881118 

change a t  high angles of attack. The s p l i t  flap in  cabination  with the 
slat caused a slight reduction in C 2  from that with the slat alone In 
the high  angle-of-attack  range. The C 2  Mth double Slotted f l ap  in 
combination w i t h  -the s l a t  was larger than that f o r  any other  configuration 
in the low and  -moderate  angle-of - attack range 

The stall-control and high-lift devices had a negligible  effect on 
the yawtng-moment coefficients due t o  oppositely  deflected  ailerons. 
(see f igs .  7 t o  12.1 

The effects  of the s t d J " c m t ~ o 1  devices on the ai leran hinge-moment 
parameters m e  &own in figures 15 and 16. In general the negative value 
of C& was FncreaEIed a t  low angles of attack and decreased at  high 
angles of attack by the addftian of the stall-cm-kol  devices. The leading- 
edge f lap  caused the largest increase in C h  a t  the low angles of attack 
and caused a slight increase in Ch, In the high  angle-of  -attack  range 
Fn contrast t o  the decreases  brought  about by the slat and drooped lea- 
edge a t  those angles. The addition of the s@it or double s lo t ted   f laps  
reduced the effects of the slat on C b .  

The negative  value of (3% was aecreased by the stall-control devfces 
in the l o w  angle-of-attack range 8nd Increased a t  the  higher angles of 
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attack. The addition of half-span s p l i t  flaps cawed  a slight reduction 
In the negative value of CQ obtained  with the slat alone in place, 
but t h e  addition of ha."epan double s lot ted flaps caused  a  considerable 
increase in C h6 

rate of change of ai leron hinge moment with deflection when 
the wing is in a steady roll 

The effects  of the sealed internal balance can be talcen in to  account by 
the  following  equations : 

and . 

where the subscript   (bal)   refers  to  tho  aileron w i t h  an internal  nom 
balance and ($1 ie the   ra t io  of the nose-balance  chord t o  the aileron 

chord. Values f o r  C ' have been computed for several ratius of balance 

chord to   a i leron chord and for several anglec of attack and are  presented 
in figure 16. 

I 

hs 

It can be aeon from figure 16 tha t  .although C ' f o r  tho  unbalanced 
aileron is changed conaiderably by t h e  atall-control  dudcec, thr! balance 
chord required  to  reduce C h  I t o  zero la affectod  to t d y  H 8mIl degree 

hs J 

hy Lho doviceu. The v&lue-.of Chgf f o r  thr. U b n l m c c d  EiilvTr3n V o l ' f e f 3  
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'from 0.00&6 t o  0.0089 f o r  the various angles 
investigated, but the balance  chord  required * varies between 65 and 75 percent of the 

of attack and configurations 
to reduce c%' t o  zero 
aileron chord and bears no 

re lat ion to the value f o r  the unbalanced aileron.  For  fnetance, at  an 
angle of attack of 20 the value of (2% ' vas increased from -0 . O O 7 l  
to-0.0089 by extending the slat and deflect-  the  dodle  slotted  flap, 
but  the  balance  chord  required to redwe C b  to zero was reduced from 
about 75 ta 70 percent of the aileron chord.. 

Spoiler  Characteristics 

Spoiler  characteristics cm basic wFnq.- The c k a c t e r i s t i c s  of 
> spoilers as lateral-conkol  devices on the baeic wing are shown in 

figures 17 t o  20. The rolling  effectiveness of the  spoiler  increaees 
w i t h  angle of attack up to about l2O. Above that angle the effectiveness 
drops off slightly until juet below the s t a l l .  where an apparent  increase 
in effectiveness occurs. A t  t he  s t a l l  the effectiveness drops t o  zero. 
The loss in effectiveness a t  angles of attack between Eo and 160 is 
probably  caused by the thickened bondmy layer due t o  cross flow over 
the outboard  secttons. The apparent  increase in effectiveness jut below 
the s t a l l  is probably  caused by prematum separation  over the outer  portion 
of the wing due t o  the presence of the  spoiler. The separation was not  
severe enough to   came an appreciable loss in l i f t , , b u t  its effects  show 
up as a change Fn drag and pitching mcgnent as well aa rol l ing mcanent and 
yawing moment A t  the angle of' attack of maximum lift the 0 .Ole' spoiler 
caused as much separation as the 0.10~9 spoiler so  Wt the three spoiler 
hefghta tested  cawed the sane rol l ing mcrmsnt The lift, drag, and 
pitching-moment coefficients a t  the angle of a t tack   for  maxFmum l i f t  were 
also  the same regardless of spoiler  projection. The complete loss in 
effectiveness beyond maxbmn lift is due to  the t i p  stall. Ccapxison 
of figures 17 and 18 ahm that the spoiler  effectiveness  ie  increased 
s l ight ly  when the  spoiler IS moved from the o . 6 5 ~  location t o  the 
0 . 7 5 ~  I location. T h i s  - effect  of chordwise location 1s In agreement with 
tha t  s h m  in reference ll. 

The y a m - m o m e n t  coefficients due t o  spoiler  projection showed 
about the same trends as would be expected frcun -wept wing data 
(reference a) .  They yere in a favorable  direction  but became less 
favorable as the angle of attack w-as increased. Moving the spoiler 
towma -t;he trailing edge from o -6% ' t o  o .75c ' reduced the yawing-mcanen-b 
coeff  icients . 

The characteristics of the step  spoiler are Shown in figure 19. 
Comparison of figure 19 w i t h  figure 17 shows tbat a step  spoiler of the 
stme span, spanwise location, and projection aa the  plain  spoiler  pro- 
duced about  the same rol l ing moment a8 the plain  spoiler  except a t  angles 
of at-bck jus t  below the stall where the step spoiler showed a slight 
improvement over t h ~  plain  spoiler. These data are in disagreement with 

of reference u where a step spoiler on a w i n g  of lower aspect r a t i o  
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and s l i g h t 9  greater sweep  showed greater rolling effectiveness than a 
comparable plain  spoiler. No explanation  ha^ been  found fo r  the disagree- 
ment but it may be due to the  difference in the  geometric oharacteristics 
of the wings. The step  spoilers caused a sl ight ly  BmaLler yawing mament 
than the plain spoiler. 

U 

Moving the  spoiler Fnboard but  maintaining  the same span caused an 
appreciable  increme in f te  effectivenese, which is in general agree- 
m e n t  with the resul-h of  reference ll. The inboasd movement of the spoiler 
also cawed a reduction in  yawing-moment coefficient. 

The effects on the roUFng effectiveness of v q h g  the span and the  
spanwise location of the step  spoiler are shown in figure 20. It can be 
seen that the addition of the outboard  portions of the step  spoiler adds 
little to t he  effectiveness of the inbowd spoiler. Inboard addltiona to  
the outboard  spoiler, on the other hand, produced caneiderable  increases 
Fn ef f ec  tiveness . 

It is  believed  that the plain  spoiler would exhibit similar charac- 
t e r i s t i c s  if  its span  and spamwise location were wr led .  It fe a U o  
probable that changes Fn the gemetrg of the aileron would produce similar 
changes Fn effectiveness. 4 

Effects of stall-cantrol and hi&-l i f t  devicee on spoiler  cheracter 
is t ics . -  The effects of the various stall-control  devices on the spoiler 
characteristics are shown i n  figures 21 t o  27. The devices  cawed  a 
s l igh t  improvement in the r o l l i n g  effectivenees of the spoilers in  the 
low and moderate angle-of-attack range. Ln the high  angle-of-attack 
range the rolling effectivemess WRS ccmsiderably improved. The improve- 
ment a t  moderate t o  high angles of attack was probably caused by the 
stall-cuntrol  devices  reduchg the cross flow. (See reference 1.) As 
the angle of attack was increased  further,  the improvement was effected 
by preventing s t a l l i n g  fram occurring over the por-tion of the wing 
affected by t h e  spoiler. The slat and the drooped leading edge with 
fence  appeared t o  give the most  improvement in effectiveness, bu t  all t h r e e  
of the stall-control de-vices e l m a t e d  iihe cmplete Loss in effectiveness 
a t  the stall that waa experienced on the basic wing. Deflecting  either 
the s p l i t  or double s lot ted  f laps  in combination with the slat produced 
a considerable  increase i n  rolling effectiveness for large spoiler 
pro jecti-cms 

The stalJ”contro1  devices generally caused a slight  inorease in 
the spoiler yawing-mcrment coefficients a t  low angles of attack  but caused 
no change a t  moderate. B;ngles of attack.  Deflecting the s p l i t   o r  double 
slot ted f l a p s  i n  conjunction with the slat caused a cmiderable  increase 
in the spoiler yawing maments through the angle-of-attack  range. 

I 

The effects of changing the span of the step  spoiler in the presence 
of the leading-edge flap are shown i n  figure 25. It can be seen that in 
the low and moderate angle-of-attack ranges, changing the span of the 
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spoiler had about the s&une effect  as on the basic wing. A t  the high 
angles of a%ck,  however, the inboard spoiler loses effectiveness  because 
of the inboard stall and the short-span spoiler,  therefore, has more 
effectiveness near the t i p  than on the inboard portion of the w i n g .  

Comparfson of Spoiler and Aileran 

A campr ism of the rollin@;  effectiveme of t he  plain spoiler and 
the, ail.ercm is shown in figure 28. It shows that near zero lift the 
rolling-mament coefficfent produced by the spoiler wa8 about the same as 
that produced by a total aileron  deflectian of only go. A t  a lift coeffi- 
cient of 1.6, however, ( s l a t  and d o d l e  s lo t t ed   f l ap  extended) the spoiler 
produced about We same rol l ing Mrment a8 a t o t a l  aileron deflection 
of 309- The 0.10~ projection of t h e  spoiler WRB chosen as the lmximlrm 
that could be obtained with a retractable-arc-type Bpoiler. The ma3dmum 
deflection that o d d  be obtained with a sealed i n t e w  balanced 
aileron on a wing s w a z  t o  the model tested woula be about 215O. It 
can  be seen, therefore, that a t  high lift coefficients the epoiler has 
about  the same effectiveness as the aileron. At l o w  lift coefficients 
the  Spoiler a~pears t o  be  Considerably less effective than tihe aileron, 
but  spoilers have  been aham t o  produce smaller w l n g  twiet j_ng moments 
than ailerons  (reference 13) and under high-speed-f~&t  conutions where 
UFng twist is an  important  factor  the  spoiler might campare mre favorably. 
A l s o ,  unpublished Wta have s h m  that comgressibility  effects  increase 
the effectiveness of spoilers and reduce the effectiveness of ailercme. 
The Spoiler span could  be  increased  without limiting t h e  f lap  span and 
could thus improve t h e  lateral control with a possible  simultaneous 
increase in maximum lift. One way that l a t e r a l   c m t r o l  could be increased 
fo r   t he   a i l e rm without  changing the f lap  span would be to  tacrease the 
deflection. The data (-figs. 7 to E) show that the aileron maintains 
most of its effectiveness t o  deflections of e 5 O ,  but the large deflectLrms 
would require a balance  other than the conventianal  internal ILo80 
balance  because of space limitations in the balance ccrm-nt. 

In order t o  evaluate the rolling-moment coefficients in t e r n  of 
flying qualities, values of the  wing-tip helix angle in r o l l  pb/2V were 
computed frm the  equation: 

A value f o r  C 2 ( w i n g  damping coefficient in r o l l )  was obtained f o r  an 
unswept wing of the same aspect  ratio and taper   ra t io  from data presented 
in refelience 14 and waa correcbd for sweep t o  give a value of 0.366 by 
the f o l l o a  equatfan  (reference 10) : 

P 



The value of  pb/2V obtained in  t h i s  manner f o r  a 0.10~  projection 
of the half-span  spoiler varied from 0.035 a t  zero l i f t -wi th   f laps  neutral 
t o  0.102 near the s t a l l  with slat -3rd double slotted  f lap  deflected.  The 
value of p b / 2 ~  f o r  a total   aueron  def lectfan of 300 was about o .10 
through the same range of test conditions. 

These values of pb/2V have not been corrected  for  campreseibility 
and yawing effects.  Reference 14 recc~rrmends reducing the values by. 20 per- 
cent through the speed aa an empirical  correction for both effects.  
The reconmendation was baaed on a camprison of f l igh t - tes t  V a l ~ e s  with 
calculated values  for the same airplanes. The f l i gh t  tests, however, 
were made on airplanes that were convention82 a t  the time of publication 
of reference 14, tha t  is, wfthout sweep and w i t h  aileron  controls. 
Became  of the large effective  dihedral of swept wings, yawbg would 
produce l m g e r  rolling maments than on an ww-ept wing. A t  low epeeds, 
therefore,  the  reductim in  pbPV due t o  y a m  would be expected t o  
be greater- than the proposed 20 percent on a sweptback wing with conven- 
t ional   a i lerom. In fact, In a fixed-rudder roll, the  adverse yaw due 
to   a i le ron   def lec t im coupled with the adverse yaw due to rol l ing might 
produce a large enough angle of yaw t o  give a rol l ing m a e n t  that would 
completely counteract the rol l ing moment due to   a i le rm  def lec t ion .  The 
spoiler, on the other hand, cawes favorable yawing m&nta and might 
produce larger value8 of pb/2V than were calculated. 

A t  high spes&, compressibility ha8 an adveree e f fec t  on the ro l l ing  
effeotiveness of the aileron and a favorable effect on that of the 
spoiler.  AUo, the w i n g  twisting mamente &re l a rger   for  +he aileron than 
f o r  the spoiler . In high-speed flight,  therefore, the values of pb/2V 
for  the apoiler might be greater than those  calculated and those for the 
aileron might be considerably less than 80 percent of-the calculated 
values. It can be seen that any general camparison of rolling effective- 
nesB of epoilers and a i l e r a s  from lopspeed wind-tunnel tests is limited. 
In t h e  high-l i f t  range, a hau-span Bpoiler projected 0.10~ ' would 
Brobably produce greater values of' pb/2V than half-span 0 -2Oc ' 
ailerons  deflected +13O- ~n the l o w l i f t  range, any comparison is 
inadequate unless cmpre88fbility and wing-twiet effects  are coneidered- 

m e  results of the wtnd"hmne1 investigation of lateral-control 
devices on a 37O meptback WFng of aspect r a t i o  6 indicate the following 
conclwioIm : 
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. 

3 .  The r a t e  of change of hkge-moment coefficient with deflec- 
t ion  C w  f o r  the unbalanced aileron was reduced In sane cases and 
increased In others by the  addition of the various Sta,ll-COn-bOl  and 
high-l i f t  deViCeSj  however, the  effects of  the  devices on the  size of 
internal  balance  required t o  reduce C k  t o  zero were found t o  be 
small because of the corresponding effects cm the balance-ccanpartmant 
pressures . 

4. me s t a ~ - c o n t r o l  devices  brought  about some improvement in 
spoiler  effectiveness  throughout the l i f t  range and caused the spoilers 
t o  mahtain their effectiveness  to the highest -le of attack  tested. 

5 .  Shift-  the  spoiler  location from the 65- t o  7ppercent-chord 
line of the unawept panel caused a slight improvement in spoiler 
effectiveness . 

6. C h a n g i n g  the  spoiler from a continuous one along the 65-percent- 
chord l ine of the unswept panel to a series of seguents with their mid- 
points on the game line but t m e d  perpendlculm t o  the a i r  stream had 
p r a c t i c w  no effect  on the roll- effectiveness, but moving the 
s e p n t s  inboard  caused an lncrease in effectiveness. 

7. Varying the span of t h e  spoiler showed that the inboard  portions 
of the spoi ler  were considerably more effective than the o u t b w d  
portions in  producing ro l l ing  mmnents. 

8 A t  high l i f t  coefficients on the wing w i t h  slat and double 
slotted  f lap,  the half-span p l a k  outboard spoiler with a 10-percent- 
chord projection produced about  the sam rol l ing mment as a t o t a l  
aileron  deflection of 30°, but a t  low lift coefficients on t h e  plain 
WFng the spoiler produced only about  one-third t he  rolling mamsnt of 
the  ailerons 

9. The yawing'rrmments  due t o  oppositely  deflected  ailerons were 
generally  unfavorable and became  more udavorable  as the angle of attack 
u88 increased. Those due t o  spoiler proJecticm were favorable  but 
became less favorable as the angle of attack was Increased or as the 
spoiler w a s  moved inboard. The stall-cm-bol  devices had a  negligible 
effect  on the yawfng moments. 

Lan@;ley Aeronautical  Laboratoq 
National Advisory CoIlPnittee fo r  Aeronautics 

Langley Field, Va. 
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Figure 5.  - Concluded. 
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Figure 19. - Concluded. 
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(a) Rol l ing  mament and y a w i n g  moment. 
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Figure 22. - Concluded. 
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(b) R o l l i n g  moment and pw-ing moment. 

Figure 23.- Concluded. 
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(b) Rol l ing  moment and pwing moment. 

Figure 24.- Concluded. 
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Figure 26.- Hfects of half-span spoilers at 0 . 6 5 ~ '  on the a e r c d p m i c  chaxacteriat cs of a 2 370 eveptback wing with leebding-edge slat and semispan split f lap .  R = 6.8 X 10 . 
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Figure 27.- Concluded. 
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